Background: Tinea capitis is a fungal infection of the scalp occurring commonly in children. Historical data indicate that clinical manifestations and the spectrum of etiologic agents vary greatly with geography, as well as socioeconomic affected populations. Objective: To study the possible connection between socioeconomic status, the disease patterns and the variability of etiological agents. Methods: We reviewed tinea capitis in China through literature since 1956. The disease pattern was correlated with economic and public health management protocols. Historical data on fungal identification were mostly obtained by morphology. The accuracy of these historical results was further confirmed by use of both morphological and ITS identification on a control set of 90 isolates collected recently from local hospital. Results: Full agreement of the two identification methods implies that data from the literature were sufficiently reliable to allow comparison across reported cases. In sum, 88 papers involving 25 administrative provinces and municipalities with 38,962 clinical strains met the inclusion criteria of this review. Zoophilic species Microsporum canis
is the most prevalent agent within large, modernized cities in China today account
Introduction
Tinea capitis is a chronic fungal infection of the scalp occurring commonly in children [1] . The inflammation damages both hair and scalp follicles and manifests as erythema, scaling, hair loss, abscesses and/or scar formation after recession of the original infection [2] . It is the most common fungal infection among children of school age, especially in developing countries [1, [3] [4] [5] [6] .
The classical routes of infection in tinea capitis consist primarily of human-to-human and animal-to-human transmission, and are usually correlated with socioeconomic status [1, 4] . Pets are thought to be responsible for zoophilic Microsporum canis, which is prevalent worldwide, while poor hygiene, overcrowded living conditions and low socio-economic status are commonly associated with anthropophiles [3, 4] . In addition, human hosts with possible asymptomatic carriers and soil have been implicated as infectious sources in more susceptible populations [7, 8] .
China has a population of 1400 million today, of which 16.6% are children (http://en.wikipedia. org/wiki/Demographics_of_China) and tinea capitis is still a common public health concern. Over the past 60 years, the epidemiology of tinea capitis has changed dramatically in China as a result of socioeconomic transformations and changes in lifestyle [6, 9] . Because most data on tinea capitis in China were published in Chinese, such data were of limited availability internationally. In this study, we review all published clinical and etiological data of tinea capitis reported in China since 1956 in order to interpret historical changes in fungal floras of tinea capitis during China's transition from an agricultural to an industrial economy.
Methods

Local mycological study
In order to better correlate historical results with recent data, the reliability of morphological identification was validated with internal transcribed spacer (ITS) sequencing in a set of isolates. This study was conducted at the Dermatology Hospital of Jiangxi Province, which was a targeted area for the study of tinea capitis assigned by the government in 1965 and 1977 [9] . In total, 90 dermatophytes isolated from tinea capitis were identified by both morphological and molecular sequencing methods (ITS). The morphology identification was based on macroscopic and microscopic features, as well as physiological characteristics in special media [10] . As for molecular technique, strains were transferred into liquid SGA broth, incubated for 7−15 days and harvested. DNAs were extracted using the ZYMO Fungal DNA MiniPrep (Zymo Research, Irvine, US) according to the manufacturer's instructions. ITS regions were amplified using ITS1 and ITS4 primers and sequenced. The results were blasted in the NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and CBS databases (Bionumerics database of CBS).
This study was approved by the ethical committee of the Jiangxi Dermatology Hospital, China (NO 2008-004).
Literature review
A review of the literature of clinical types and etiology of tinea capitis in China was performed by searching all epidemiology and case reports of the disease. We queried Pubmed (http://www.ncbi.nlm.nih.gov/pubmed/), WanFang (http://www.wanfangdata.com.cn/), WeiPu (http://www.cqvip.com/), and CKNI (http://www.cnki.net/) for all publications between 1956 and 2014 containing the term tinea capitis in the titles or text in which the pathogens were identified either by morphological or molecular methods. Changes in fungal distribution of this disease were monitored by comparing data before and after the year of 1985 (taken as the beginning of accelerated economic development in China). All results published in English and Chinese are summarized and the inclusion criteria are as follows: (1) articles contained the words "tinea capitis", "superficial fungal infection", or "superficial fungal disease"; (2) surveys were performed in mainland China; (3) definite diagnosis with or without clinical manifestations but with fungal evidence of causative species; and (4) sample size was more than 40 cases. In situations where data repeat or overlap in a number of publications, we chose the largest sample set.
Economic growth index
Disposable income is used as a measure of regional socioeconomic status. Data on economic status of different regions were derived from the yearbooks of National Bureau of Statistics of China (NBSC), found at http://www.stats.gov.cn/tjsj/ndsj/2013/indexeh.htm. A total of 21 provinces and 4 municipalities (Beijing, Shanghai, Tianjin, and Chongqing) were included in the NBSC list and can be classified into 3 groups according to their per capita disposable income (DIPC) for 2013 (Table 2): (1) "highly developed areas" with DIPC greater than RMB 22,000; (2) "intermediate-developed areas" with DIPC between RMB 20,000 and RMB 22,000, and (3) "less developed areas" with DIPC below RMB 20,000.
Management of water conservancy, environment and public facilities were also used to evaluate the level of public sanitary service that may affect group and personal hygiene.
Statistical analysis
Data were analyzed using SPSS16.0 software. The distributions between fungal flora and socioeconomic status were compared using χ 2 -test; differences were considered statistically significant at a P-value ≤ .05 (two-tailed).
Results
Our literature review includes 88 articles involving 25 provinces and municipalities, and a total of 38,962 clinical strains that met the inclusion criteria are compared. Among these reports, only one paper was published in English, while the others were in Chinese [6] . All strains are able to be classified to the species level by molecular method except for members of some dermatophytes labeled in the original articles as "complex" [11] . For example, it is often difficult to distinguish siblings of the "T. rubrum complex" by ITS sequencing when their identity rate exceeds 99%. Fortunately, T. violaceum is quite different from T. rubrum in its morphologic features [12] .
In this case, we distinguish these two species by a combination of morphology and sequencing. However, difficulties remain in distinguishing some dermatophytes such as T. mentagrophytes, Arthroderma vanbreuseghemii, and T. interdigitales through ITS sequencing [13] . Unfortunately, these cannot be distinguished by morphology either. Therefore, we grouped all these species under the umbrella term "T.mentagrophytes complex" as a probable zoophilic entity for analysis. In general, 100% correlation between morphological and molecular identification method was obtained, indicating that routine methods are a reliable means for the identification of agents of tinea capitis.
Decrease of anthropophilic fungi nationwide
To better evaluate the implications of environmental changes on the prevalence of tinea capitis as well as changes in lifestyle, we collected data from 1956 to 1985, representing the period of slow economic growth in China, as well as fast growth from 1986 to present. Since each cohort study varies with sample size, area of sampling and duration, we use the percentage of anthropophiles (A) and the percentage of T. schoenlenii in each anthropophilic group (T) to indicate the degree of human-to-human spread of disease (Table 1 ). Anthropophilic fungi include T. violaceum, T. tonsurans, T. rubrum, T. schoenleinii, and M. ferrugineum, while zoophilic / geophilic fungi are M. canis, M. gypseum, and T. mentagrophytes complex.
With the exception of Inner Mongolia and Guangzhou, all data before 1985 suggest that anthropophiles were overwhelmingly represented across the country (Table 1 , left column). The values of A for most areas were close to 100%, implying that very few zoophilic isolates were detected before 1985. The main causative agent of tinea capitis was T. schoenleinii that accounted for 57.43%.
A total of 27,526 strains isolated during the period 1985−2014 are displayed by their percentages in Figure 1 . During this period (Table 1 , right column) the fungal distribution pattern changed significantly. The values of A are distinctly reduced in most areas (Fig. 2) . While Inner Mongolia and Guangzhou remain as zoophilic dominated sites, other parts of the country are shifting from anthropophilic to zoophilic dominance as reflected by the reduced A values. Consistent with the decrease of anthropophiles, the presence of T. schoenleinii in each cohort is reduced significantly except in Xinjiang (34.27%, northwest). Other areas retaining a higher proportion of this species among anthropophiles are Heilongjiang (69.23%, northeast), Anhui (26.57%, central), Guangxi (25.58%, south), and Sichuan (31.67%, southwest). Fig. 1 ). The anthropophilic dermatophytes are still responsible for 98.47% of all cases, which implies that "human-to-human" spread has always been the dominant mode of transmission of tinea capitis in this area. Two other provinces, Jiangxi and Anhui, are similar to Xinjiang, where anthropophilic tinea capitis also predominate during the past 60 years. However, the major causative agents changed from T. schoenleinii to T. violaceum after 1985 (Table 1, Fig. 1 ).
Emergence of zoophilic fungi nationwide
With the exception of Xinjiang, zoophilic fungi involved in tinea capitis account for 70% of all fungal isolates (n = 13,582) after 1985. Microsporum canis, the causative agent of gray patch tinea capitis has been reported as the predominant species nationwide (Fig. 1) . In the metropolitan cities (e.g., Beijing, Guangzhou, Chongqing) and in northern parts of China such as Inner Mongolia, Jilin, and Gansu, the percentage of M. canis infections ranges from 65% to 100%. The M. canis-dominated pattern is designated as Type A (Fig. 3) . The fungal flora pattern named as Type B covers areas with a mixture of zoophilic and anthropophilic fungi (see again Fig. 3 ). In Hubei, for example, T. violaceum accounts for 31.18% of cases of tinea capitis, which is close to the recorded M. canis infection rate of 31.77%. Type C (Fig. 3) represents areas with a low incidence of M. canis. Three provinces belonging to this type are Jiangxi, Anhui, and Xinjiang, where T. violaceum is the dominant species, accounting for a percentage of 53.38%, 46.17%, and 48.55%, respectively.
Geographic patterns in fungal floras
Our analysis indicates that T. violaceum is the dominant anthropophilic fungus for tinea capitisafter 1985 (47.8%); however, the spectra of fungal species differ between regions. Microsporum ferrugineum is prominent in Yunnan only, and T. tonsurans is not common anywhere except in Zhejiang (20.37%). Besides T. schoenleinii mentioned above, another species appearing in different geographic zones is T. mentagrophytes complex. This fungus seems more frequently encountered in regions in northern China such as Liaoning (55.28%) and Ningxia (35.05%). The differences between fungal distributions suggest that geographic factors (temperature, humidity) contribute to fungal evolution and migration [4] . # flora types refer to the fungal flora, which is consistent with Figure 3 .
Socioeconomic growth in different geographic regions
Major cities and areas with a Type A fungal flora, such as Beijing, Tianjin, Guangdong, and Jiangsu have the highest disposable income per capita and are equipped with better public health services. Economic growth indices are much lower in those provinces with Type C fungal profile. Provinces with Type C flora-Xinjiang and Anhui (Fig. 3) -have a similar socioeconomic status as Jiangxi (Table 2) , even though these provinces are widely separated.
The income levels of provinces with Type B flora range from economically highly-developed to less-developed. In general, there is a significant difference in fungal flora according to economic status (χ 2 = 11.840, P < 0.05) with some interesting exceptions. For example, some provinces with zoophilic dominance, such as Gansu and Hebei, are generally underdeveloped. And two highly developed areas, Shanghai and Zhejiang, show a type B distribution. The data used in Shanghai originated from the Huashan Hospital, and those of Zhejiang from The Third Hospital of Hangzhou. Both hospitals are highly respected in dermatology and receive patients nationwide (more than 1,000,000, and 800,000 each year, respectively). Therefore, we suspect that the fungal flora and patient socioeconomic data in these areas should be de-linked.
Discussion
Tinea capitis is an important public health concern in developing countries, commonly associated with area under poor hygienic conditions [3] . The natural habitat of the causative fungi can be human (in anthropophiles), domestic pets (in zoophiles), or soil (in geophiles). Some species of these fungi, such as T. tonsurans and M. canis may generate local outbreaks occasionally [14] . The distribution of these species appears to be highly specific for particular geographic regions and historical context [1, 3, 15] . For example, in the United States, the prominent cause of tinea capitis in the 1960s was M. audouinii, but more recently T. tonsurans has emerged [16] . In Europe, the predominant etiology switched from T. schoenleinii to T. violaceum during 1963−1993, while the zoophile M. canis increased dramatically nowadays [17] [18] [19] .
Most data on tinea capitis in China have only been published in the Chinese language; as yet a nationwide comparison of fungal spectra has never been made. In this study, we analyze fungal distribution and dominant agents of tinea capitis in mainland China over the past 60 years, to explore if improvements in living standards and public health measures may influence the changes in fungi. The established relationship between contiguous sources and socioeconomic impairment may also provide a guideline for management of the disease [19] .
Notably, clinical types and etiology of tinea capitis in China have changed dramatically during the past 60 years. Sixty years ago, when epidemiological surveys of tinea capitis were begun, anthropophilic fungi overwhelmed the zoophiles across vast regions of the country and the dominant species nationwide was T. schoenleinii despite the variability of endemic species in different geographic regions [9, 20] . In the 1950s and 1960s several provinces in eastern China (Hubei, Henan, Jiangsu, Jiangxi) and in the northwest (Xinjiang, Ningxia) were hyper-endemic for favus, with T. schoenleinii followed by M. ferrugineum as the most common pathogens [9, 20] . In Jiangxi, the prevalence of favus reached 3,410 per 100,000 in 1965 [9] . A nationwide campaign was sponsored by the government in the mid of the 1960s aiming to eliminate notorious favus. Target communities were chosen in endemic regions, and inhabitants of residential areas were interviewed door-todoor by dermatologists and social workers. Griseofulvin and topical antifungal agents were employed to treat all involved patients for free, as well as health interventions [21] . As a result, favus largely disappeared across the country, and the prevalence of tinea capitis decreased to 7.2 per 100,000 in the year 2000 [20] . With such a sharp decline of T. schoenleinii, infections due to T. mentagrophytes and T. violaceum occurred more frequently. According to Wu et al. [9] , in 1986 T. mentagrophytes and T. violaceum accounted for 52.3% and 17.4% of tinea capitis, respectively. From the 1990s, M. canis has gradually increased and has now become the predominant organism in areas with high economic growth (Type A). To date, the province of Xinjiang still has the highest incidence of tinea capitis, with more than 90% of cases in southern parts of the province, and T. violaceum and T. schoenleinii as the most common causative agents (Type C). Jiangxi and Anhui provinces have Type C fungal flora with a smaller proportion of M. canis and a higher proportion of T. violaceum, but the proportion of T. schoenleinii is far less than in Xinjiang. Compared to T. violaceum, M. ferrugineum seems to be an older anthropophile, and is gradually being displaced by the former.
Microsporum canis is found under quite different climatic conditions, and therefore is likely to exhibit a tolerance for external variation. In contrast, M. ferrugineum is largely restricted to the relatively remote province of Yunnan. Trichophyton violaceum is epidemic in South Xinjiang, Jiangxi, Anhuiand Hubei. South Xinjiang is a desert-like area with arid, harsh weather in northwestern China and separated from remaining parts of the country by poor plantation [6] . Anhui, Hubei, and Jiangxi are located in central and eastern China with a humid, subtropical climate. Hence, geography alone is insufficient to explain the different prevalence of dermatophytes; human behavior factors are likely to play a larger role.
Anthropophilic species were very common causes of tinea capitis during the last century in China, but now they seem to have yielded to zoophilic dermatophytes. Anthropophiles are mainly epidemic in areas where economic conditions lag. Poor hygienic conditions and non-standard lifestyles were assumed to associate with the transmission of anthropophiles among populations. South Xinjiang is the main area of the Muslim Uyghur population, who (for example) tend to wear two nested hats in daily life. In Jiangxi and Anhui, residents are mainly engaged in farming. Cattle and pets are generally absent there, which seems to explain the lack of zoophilic species there. Rural inhabitants usually live under poor hygienic conditions, having haircuts on the street with shared and unsterilized instruments and washing tools [9] . Dermatophyte spores are easily dispersed via contaminated hairbrushes, clothing or bedding. The zoophilic M. canis and anthropophilic T. violaceum species seem to be coextensive in areas with Type B fungal flora. For example, the replacement of anthropophiles by zoophiles is taking place in Hubei province as it transitions to an industrial culture, where different occupations coexist and pets are becoming increasingly popular. And there might be a relation between socioeconomic status and fungal distribution in tinea capitis (P < 0.05).
In the past, evaluations of urban renewal projects were primarily focused on economics, transportation and housing improvements, while public health organizations tended to focus on diagnostics and treatment at a small scale or during a short period. The present study provides evidence of how social and economic developments generate a spontaneous evolution in microbial populations that affect the human host. Changes in life style have an enormous impact on the prevalence of dermatophyte species. It is recommended that public health organizations adjust their goals in accordance with developments that are predicted to happen in the near future, in order to achieve maximum results of their efforts.
Conclusion
In general, the classical routes of infection in tinea capitis mainly consist of human-to-human transmission. This condition is particularly observed under poor hygienic conditions and associated with low socioeconomic status. Pets are likely to be the most important infectious sources once economic status allows for them. The shift from anthropophilic to zoophilic agents of tinea capitis correlates to the economic development of China during the last few decades.
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